Abstract-The nature of disruptive and sustaining technologies is sufficiently different to require different activities for the commercialization of these technology categories. Few theorists have developed conceptual schemes about the different methods of commercializing these technologies. The authors take the first steps in investigating these differences by contrasting firms that commercialize disruptive technologies with those that commercialize sustaining technologies. They reveal major differences and analyze these in terms of four major commercialization components: product realization, revenue generation, research support, and market potential. Several hypotheses regarding size of the firm, its financial risk profile, and its R&D strategy are utilized.
I. INTRODUCTION
A LTHOUGH it is widely believed that the two major categories of technologies are disruptive and sustaining, few theorists (Tushman et al. [34] , Bower and Christensen [4] , Veryzer [37] ) have demonstrated that firms utilize differing methods to commercialize these different technologies. Traditionally, commercialization activities were treated as similar whether the new technology incrementally improved an existing product, process, and service or disruptively introduced a new technology that had a major effect on the market and/or customer behaviors and benefits (Usher [36] , Mansfield [21] ). This paper seeks to provide an empirical basis for these differences.
This paper differentiates between the commercialization activities of disruptive and sustaining technologies. It tests differences in activities and decision-making processes that affect the commercialization efforts of these technologies. This study helps to provide a basis for a commercialization decision framework so as to help R&D organizations move scientific discovery to a commercial arena. It also supports commercial organizations in defining a methodology for analyzing their involvement in bringing disruptive technologies into successful discontinuous innovations.
We test several hypotheses, which are designed to highlight firm differences in commercializing disruptive and sustaining technologies. We will highlight activities and factors that firms utilize when commercializing disruptive technologies. To test these hypotheses, we use one of the emergent and potentially disruptive technologies in which Sandia National Laboratories are involved. This nascent disruptive technology area is micro-electro mechanical systems (MEMS), sometimes referred to as Microsystems, or Top Down Nanotechnology. We survey a number of companies that have investigated Sandia's technological discoveries for potential use in an industrial capacity. The survey will focus on the movement of the research findings from the laboratory into the market place and all of the problem areas that disruptive technologies face in this arena. The survey data will be described with results and conclusions reported.
II. DISRUPTIVE TECHNOLOGIES DEFINED
Disruptive technologies are scientific discoveries that break through the usual product/technology capabilities and provide a basis for a new competitive paradigm, as described by Anderson and Tushman [2] , Tushman and Rosenkopf [35] , and Bower and Christensen [4] . Discontinuous innovations are products, processes, and/or services that provide exponential improvements in the value received by the customer much in the same vein (Walsh [39] , Lynn et al. [20] , and Veryzer [37] ). Walsh and Linton [41] reported on the definitions used by different authors to describe the business strategy focus they used to define disruptive technologies. These definitions are classified by a number of business strategy parameters used to describe disruptive technologies.
Disruptive technologies and discontinuous innovations present a unique challenge and opportunity for R&D organizations seeking to decide on their R&D investments and for manufacturing organizations devising plans for their commercialization efforts and meeting the challenge to reinvent the corporation. These technologies do not have a proven path from scientific discovery to mass production and, therefore, require novel approaches although they are the wellspring of wealth creation and new competency generation for the firms that introduce such innovations. Many firms, especially the larger ones, seem reluctant to familiarize themselves with these technologies quickly. The trend seems to be that these firms prefer to react to a proven disruptive technology that has changed the product market paradigm. As a result, the community of corporate customers does not readily accept them until they are proven, an event that usually means corporate customers are late entries into the market.
Tushman et al. [34] , for example, presented the idea of a technology cycle where technological discontinuities, sub-stitution of technologies, dominant designs, and incremental change are part of an iterative technology cycle. This cycle implies that firms need to have organizations that have dual responsibilities: maintain the current production system with small incremental changes while at the same time look for the major breakthroughs. The "ambidextrous" organization allows the firm to bring in the resources while at the same time building new products. Anderson and Tushman [2] had developed the idea of discontinuities and their relationship to dominant designs. Glasmeier [11] presented the effect that a new discontinuous innovation, quartz technology, had on the mechanical movement Swiss watch industry.
III. COMMERCIALIZATION OF DISCONTINUOUS INNOVATION BASED ON DISRUPTIVE TECHNOLOGIES
Commercialization has not been totally overlooked in the management of technology literature. Several examples make this clear. Christensen [6] , for example, states that largest firms neglect discontinuous innovations and focus their resources on incremental change or continuous improvement. He presented the case of the hard drive manufacturers and how incremental innovations and sustaining technologies were not sufficient for survival when new disruptive technologies were leapfrogging the price/performance parameters of these incremental innovations. Rice et al. [30] reported on a joint project with the Industrial Research Institute (IRI) where 11 projects in nine companies were designated as "breakthrough" technologies. The focus of the project was to understand the management of high-risk projects associated with commercializing discontinuous innovations. Projects with a five to ten times improvement in performance, 30%-50% reduction in cost, and/or new-to-the-world performance were defined as "breakthrough" discontinuous innovations. An example of the companies and products used in the project is General Electric and its digital X-ray. The projects had common mechanisms such as definition of a "holy grail," establishment of venture boards, internal requests for proposals, and scanning for ideas by groups and individuals.
Kaplan [13] presents strategies to take advantage of disruptive technologies. These strategies include radical cannibalism by replacing one's own successful products with new products that represent a significant value increase for customers. Another strategy is competitive displacement where you replace your competitors' products with new significantly higher valueadded products. The other two strategies are industry genesis where you start new industries and market invention where you create new demand.
Others have contrasted discontinuous innovation with continuous innovation. Two examples are well known. Florida and Kenney [9] argue that prior to the 1980s, the U.S. was noted for the ability of its firms to develop new ideas and new products. The 1980s, however, focused attention on continuous improvements due to the disappointing performance of U.S. firms in technology intensive markets such as consumer electronics, robotics, automobiles, and semiconductor memories. This focus shifted attention from the disruptive technologies that had helped the U.S. in leading the world in new breakthrough technologies. Additional evidence that firms require more than continuous improvement as a design and manufacturing strategy is offered by Morone [25] . He found that successful Japanese and U.S. firms in different industries were more similar to each other than to unsuccessful firms in the same industry. The successful firms, regardless of country of origin, achieved a competitive advantage over rival firms based on a combination of incremental and discontinuous innovation. However, none of these develops a strong empirical basis that demonstrates these differences. Therefore, we provide a basis herein.
IV. FIRM ACTIVITY AND DISRUPTIVE TECHNOLOGY Fig. 1 uses three distinct areas of change to define disruptive technologies. These areas are as follows.
1) Change in technology/product paradigm: these changes impact the decisions a firm makes to commercialize a particular product. 2) Change in market structures: these changes result in different suppliers in the market and different outputs among the remaining suppliers. 3) Change in customer benefits: users/adopters have to change their behavior in order to benefit for the use of the innovation. Fig. 1 lists the different authors who have described the effect of disruptive technologies on these three areas of change. These changes point to the need for a new decision framework for commercialization decisions. An appropriate decision framework helps R&D organizations move scientific discovery to a commercial arena. It also supports commercial organizations in defining a methodology for analyzing their involvement in discontinuous innovations. This decision framework is presented next.
V. SOURCES OF DISRUPTIVE TECHNOLOGIES:
R&D ORGANIZATIONS Sandia is a world class R&D facility that faces the challenge of managing rapidly changing and interactive technologies and products. These technologies, although "high tech" in nature, are not always disruptive in nature. Herein, we divide them into sustaining technologies and disruptive technologies. Sustaining technologies follow a more continuous improvement marketfocused process (Walsh and Kirchhoff [17] ) and are applied to internal and external customer problems that intensify rather than create new lab competence. Sustaining technologies can be planned according to a technological roadmap and add value to an established industrial value chain (Walsh and Elders [19] ).
Disruptive technologies, on the other hand, follow a more discontinuous innovation path (Walsh and Kirchhoff [17] ) requiring a market-development or expeditionary marketing approach (Prahalad and Hamel [28] ) rather than the marketfocused approach (Porter [29] ) utilized more effectively with sustaining technologies (Linton [19] ). When deriving value from these technologies, the exact placement of the disruptive technology in an existing industry value chain is not clear. Technological roadmaps are very hard to construct for these technologies since the contribution to the industrial value chain is murky and the products are not so obvious. Traditional market focus forces provide little aid in these areas.
Most firms, when faced with creating competitive advantage from disruptive technologies, revert back to an internally driven approach which can be successful but has a history of generating marketing myopia, not-invented-here syndrome, and the like. Sandia, however, perhaps due to the nature of the National Labs, where competency generation and creation is the more natural stock and trade has initiated what we call a market development approach.
Since the market-focused approach and the internally driven approach have been around and are easily applied to technologies where markets and customers exist, a new approach is needed for disruptive technologies. This approach needs to provide companies, in many application areas and totally unrelated fields, with a way to experiment with the new technologies to determine how they can assist in developing new products that diverge from the traditional demand for the company's products. Many articles suggest differences in firm typology [16] and firm activity [20] when commercializing disruptive technologies. These differences depend on many factors and some are developed as follows. a) Size of firm commercializing the technology: Small entrepreneurial firms have been a driving force behind the commercialization of disruptive technologies. Birch [3] , Kirchhoff [16] , and Reynolds [32] indicate that highly innovative small firms create a majority of net new jobs in the U.S. These firms are more agile and are better able to deal with uncertainty than larger firms. Large firms have also responded to the challenge of starting new areas of business. Cooper and Smith [7] describe how firms that have a well-established product behave when a new technology threatens the dominance of their established product. In some cases, they conclude that the establishment of a new division to handle the new technology is warranted. Christensen [6] points out Hewlett Packard's experience with the ink jet and the laser jet where the two competing technologies managed by two separate divisions netted a positive result. Refer to Fig. 2 for the different details. b) Technology Source: Kassicieh and Radosevich [14] noted that technology transfer and commercialization of new products from public-sector research organizations are more likely to find their way to the market with more channels of communications. This principle undoubtedly applies to disruptive technologies since the high level of uncertainty attached to new-to-the-world technologies requires trial in many different industries and many different products. Kirchhoff and Walsh [17] state that many times these disruptive technologies are exogenous both to the firm and to the industry they are utilized in. We provide these in Fig. 3 . c) Risk of Involvement with New Technology: The risk taken by firms commercializing disruptive technologies is far greater than the risk taken by firms working on sustaining market-driven technology commercialization. Firms who are not succeeding financially are more apt to take a chance on the disruptive technologies. (See Fig. 4 .)
VI. COMMERCIALIZATION MODELS
Commercialization models depend on a variety of issues that define a market focus for product development or on a technology development perspective that develops new markets. These two foci depend on the existence of many elements as described by various authors including Kassicieh and Radosevich [14] , Von Hipple [38] , and Lynn, et al. [20] : 1) scientific discovery; 2) applications; 3) products; 4) government support/buyers; 5) commercial support/suppliers/buyers; 6) distribution channels; 7) research support for new discoveries; 8) research support for new applications; 9) research support for new products; 10) buyers/market; 11) real market growth; 12) perceived/potential market growth. This paper will test how these parameters influence the planning of disruptive technologies and the creation of new products in the market place.
VII. HYPOTHESES
The purpose of this study is to examine the behavior of firms as it relates to the commercialization of sustaining disruptive technologies and determining the differences between the two groups. Responses to the questionnaire provided data for a discriminate analysis that sought to find a model that effectively predicts these differences. This analysis will help us in focusing commercialization efforts on certain types of firms for different areas of technology and different situations. It allows a descriptive analysis of the commercialization activities of firms but can lead to a prescriptive set of recommendations that change the way firms examine new technologies. In this study, we have respondents from two populations that differ in the character of the technologies chosen for commercialization.
To test for differences between the two groups, we tested for separate hypothesis developed from the literature and bounded by our survey responses. All of the hypotheses utilize product realization, revenue generation, research support, and market potential as variables to one extent or another. We developed these variables from product realization efforts by Lynn, et al. [20] , Veryzer [37] , and others. We supported this hypothesis from revenue generation input from Kaplan [13] , Moore [24] , and others. The hypothesis was fortified by market potential literature developed by Linton [19] , Moore [24] , and others. Finally, we developed the research support portion for this hypothesis literature from Kassicieh and Radosevich [14] Tushman, et al. [35] , and others.
A. Hypothesis 1
The sustaining technologies group differs from the disruptive technology group in the four factors of importance: product realization, revenue generation, research support, and market potential. Here, we utilize the literature that categorizes technology by its commercial intensity such as efforts by Schumpater [33] , Anderson and Tushman [2] , Walsh and Linton [41] , and many others in conjunction with the aforementioned literature used to develop our four factors of product realization, revenue generation, research support, and market potential.
B. Hypothesis 2
The large firms differ from the small firms in the four factors of importance: product realization, revenue generation, research support, and market potential. The development of this hypothesis relies heavily on the small firm literature from authors such as Kirchhoff [16] , Birch [3] , Rice, et al. [30] , and many others as well as the aforementioned literature used to develop our four factors of product realization, revenue generation, research support, and market potential.
C. Hypothesis 3
Firms with a large internal R&D function (large R&D group within the firm points to an internal source of innovation) differ from firms with a small R&D function (therefore external sources of innovation) in the four factors of importance: product realization, revenue generation, research support, and market potential. Here again, we utilized the four-factor literature base supplementing it with the efforts from Kassicieh and Radosevich [14] , Carroad and Carroad [5] , and many others.
D. Hypothesis 4
Firms with good financial and market performance over the last few years (good financial or market performance leads to a tendency to take less risk on new disruptive technology) differ from firms with poor financial and market performance in the four factors of importance: product realization, revenue generation, research support, and market potential. Here again, we developed much of our hypothesis from the four-factor literature base and Kaplan [13] , Kassicieh and Radosevich [14] , and many others.
The responses were also classified according to different combinations. The sustaining technologies group (ST) and the disruptive technologies group (DT) could be further classified into small or large firms (SF or LF), firms with external or internal sources of innovation (ExI or InI), and firms who have performed well or poorly in financial/ market results (GR or PR), and who are apt to take more or less risks, so that we now have four groups in each category.
1) Major Hypothesis 1:
Large ST firms, Small ST firms, Large DT firms, and Small DT firms differ in the importance placed on the four factors (product realization, revenue generation, research support, and market potential) related to commercialization.
2) Major Hypothesis 2: ST firms with internal sources of innovation, ST firms with external sources of innovation, DT firms with internal sources of innovation, and DT firms with external sources of innovation differ in the importance placed on the four factors related to commercialization.
3) Major Hypothesis 3: ST/GR, ST/PR, DT/GR, DT/PR differ in the importance placed on the four factors related to commercialization.
VIII. METHODOLOGY
A questionnaire that queried respondents about their company and the importance of several areas in commercialization was sent to a sample from two populations. Both populations were firms that have collaborated with Sandia National Laboratories (Sandia) on an innovation. The first population worked with Sandia in the area of MEMS, which is one of the disruptive technology areas. The second population worked with Sandia on other technologies that are sustaining or improving the current level of technologies used in the firms' products or services. While different inventions in these two areas represent varying degrees of entrepreneurial opportunity, we selected only those where a commercial firm showed a strong interest.
The same survey instrument was used for both groups. The disruptive technology commercialization group (DT group) consists of individuals representing organizations that had participated in one of Sandia's MEMS commercialization activities. Sandia offers training, design software, training in MEMS manufacturing, and prototyping facilities for use by firms with an interest in MEMS technology. This group is made up of 174 participants.
The sustaining technology commercialization group (ST group) is made up of managers and technologists from firms that have worked with Sandia in a variety of joint research and development agreements but not MEMS. This second group is made up of 207 individuals.
The surveys were sent to these individuals with e-mail and phone follow-up to increase the response rate. Seventy-two ST group responses were received (35% response rate) and 59 DT group responses (34% response rate). The response rate is substantial given the sensitivity of the information.
The questionnaire consisted of questions about the firm: its size; the number of locations; its activities in R&D, design, manufacturing and sales, and the number of employees in each one of these areas, and the importance of the two foci parameters listed earlier. The survey instrument consisted of 54 questions designed to capture data about several variables. Questions were derived from three sources: 1) the authors' experiences with laboratory spin-offs over the last two decades; 2) a pilot study; and 3) the literature on commercialization cited above.
The survey allows us to deal with the firms in many dimensions: a) sustaining or disruptive technologies; b) small and large firms; c) firms with large R&D functions where the source of the firm's product and process innovations will be internal as opposed to firms with small or no internal R&D function that depend on external sources for innovations in products or processes; d) firms who have performed well in financial returns and/or market share versus firms who have not done well in these dimensions. These firms were asked about the importance of the following variables using a ten-point scale with semantically anchored end points: 1) innovation; 2) applications; 3) existing products; 4) government buyers; 5) commercial buyers; 6) distribution channels; 7) research support for applications; 8) research support for new products; 9) market growth potential; 10) acquisition of external innovations; 11) investment in research; 12) product development for revenue generation; 13) process development for revenue generation; 14) product families for revenue generation; 15) speed and timeliness of new processes; 16) speed and timeliness of new products.
Factor analysis was run for these 15 variables using principal components with varimax rotation. These variables were reduced to four factors with Eigenvalues greater than 1 and the reliability was measured with Cronbach's alpha.
1) Product Realization:
The following variables were included in this factor: the importance of acquisition of external innovations, investment in research, process development for revenue generation, speed and timeliness of new processes, and speed and timeliness of new products. This factor has a reliability of 0.7412. 2) Revenue generation: The following variables were included in this factor: the importance of buyers, product development for revenue generation, product families for product generation, and new products. This factor has a reliability of 0.7640.
3) Research Support:
The following variables were included in this factor: the importance of innovation, government buyers, research support for applications, and research support for new products. This factor has a reliability of 0.7113. 4) Market potential: The following variables included in this factor: the importance of applications, existing products, distribution channels, and market growth potential. This factor has a reliability of 0.7089.
To ensure the reliability of the survey instrument, Cronbach's alpha for the 15 variables is 0.7234. Nunally [27] indicates that a reliability measure of 0.70 or higher is acceptable indicating the reliability of the survey instrument.
IX. STUDY RESULTS
We conducted statistical tests for the each one of the hypotheses. In each case, the t-test was conducted to test for differences between the mean responses for the four factors. We provide our four hypotheses and results here.
A. Hypothesis 1
The sustaining technologies group differs from the disruptive technologies group in the four factors of importance: product realization, revenue generation, research support, and market potential.
Here our hypothesis that firms focusing on sustaining technologies differ from those that focused on disruptive technologies was supported. Our analysis of the two groups by means of a t-test highlights the differences between the mean responses for the four factors. We provide the t-test analysis in Table I .
B. Hypothesis 2
The large firms differ from the small firms in the four factors of importance: product realization, revenue generation, research support, and market potential.
Here, our hypothesis that large firms focusing on disruptive technologies differ from small firms focusing on disruptive technologies was not supported at least along our four factors. Our analysis of the two groups by means of a t-test demonstrates no significant differences between the mean responses for the four factors. We provide the t-test analysis in Table II .
C. Hypothesis 3
Firms with a large internal R&D function (large R&D group within the firm points to an internal source of innovation) differ from firms with a small R&D function (therefore, external sources of innovation) in the four factors of importance: product realization, revenue generation, research support, and market potential.
Here, our hypothesis that firms focusing with large internal R&D functions differ from firms with small R&D functions was not supported. Our analysis of the two groups by means of a t-test demonstrates no significant differences between the mean responses for the four factors. We provide the t-test analysis in Table III .
D. Hypothesis 4
Firms with good financial and market performance of the firm over the last few years (good financial or market performance leads to a tendency to take less risk on new disruptive technology) differ from firms with poor financial or market performance in the four factors of importance: product realization, revenue generation, research support, and market potential.
Here, our hypothesis that firms with good financial and market performance differ from firms with poor financial or market performance was not supported. Our analysis of the two groups by means of a t-test demonstrates no significant differences between the mean responses for the four factors. We provide the t-test analysis in Table IV. X. DISCUSSION
We demonstrated in Table I that firms interested in commercializing sustaining technologies differ from firms that are interested in commercializing disruptive technologies in three of the four factors. The existence of revenues, the availability of research support, and the presence of potential markets were all significant factors in their decisions to pursue technology development and commercialization. Sustaining technologies firms placed more importance on new products and markets than disruptive technologies firms. Disruptive technologies firms placed more importance on research support. These results are intuitively appealing and follow the logic that has been advanced by many authors previously.
We could not find significant differences between large and small firms as portrayed in Table II . The fact that no significant differences are indicated is counterintuitive given to much of the commercialization literature which has stressed the importance of small entrepreneurial firms in the innovation process. This result might indicate that large firms have realized that they need to examine new disruptive technologies and commercialize them when the opportunities are available. Another possible explanation is that the small firms in our study differ significantly from many other small firms (i.e., they have more money than many small firms and act like large firms). Another plausible explanation is that large firms realize the importance of disruptive technologies and indicate its importance but usually do not proceed to commercialize the technologies due to many internal structural issues present in those firms. Another explanation might be that large and small firms do differ but not along the factors we have proposed. Finally, it is hard to discern if the TABLE IV  T-TEST OF DIFFERENCES BETWEEN FACTOR MEANS FOR THE FINANCIALLY WELL-PERFORMING FIRMS GROUP AND THE FINANCIALLY POOR-PERFORMING GROUP   TABLE V  FACTORS ANOVA AND FACTOR MEANS AND STANDARD DEVIATIONS FOR TECHNOLOGY TYPE AND FIRM SIZE large firms are gate keeping these technologies or actually commercializing them. Nevertheless, this is a very interesting result that might indicate that a change has resulted from all of the literature that prescribes the "ambidextrous" organization.
We could not find significant differences between firms that have large internal R&D functions and firms that depend on external sources as portrayed in Table III . This indicates that firms may have been diligent in pursuing new technologies in both sustaining and disruptive areas whether they have emanated from within the organization or from outside sources. Another plausible explanation is that many firms realize the importance of disruptive technologies and indicate that many times they are found exogenous to the firm as indicated in much of the management literature.
We could not find significant differences suggesting that wellperforming firms (financially and/or in market share) have been placing more importance on the innovation process and on new products than firms that have not done well financially as portrayed in Table IV . This is again counterintuitive on two fronts because it has been argued previously that firms that are not doing well financially will take more risks or that well-performing firms have inherently better innovation processes.
We further examine and discuss different aspects of firms interest in disruptive technologies through further sets of hypotheses focusing on separating our groups according to size, sources of innovation, and financial performance but also classifying them as disruptive technology firms or sustaining technology forms to further understand the differences between these two types of firms. Table V shows the ANOVA test (Neter et al., [26] ) was run to test for differences among the four groups of firms: 1) small firms interested in sustaining technologies; 2) large firms interested in sustaining technologies; 3) small firms interested in disruptive technologies; 4) large firms interested in disruptive technologies. Significant differences were found in two factors: revenue generation and market potential. This result supports the results shown in Table I with the same interpretation.
Table VI examines the differences between each one of the four groups. Significant differences at the 5% and 10% level existed among many of the groups.
1) Small and large sustaining technologies firms behaved similarly. 1) firms that depend on external sources of innovation and that are interested in sustaining technologies; 2) firms that depend on internal sources of innovation and are interested in sustaining technologies; 3) firms that depend on external sources of innovation and that are interested in disruptive technologies; 4) firms that depend on internal sources of innovation and are interested in disruptive technologies.
Significant differences were found in two factors: revenue generation and existence of potential markets. The ANOVA F-test statistic indicates significant differences that could be explained by the sustaining disruptive technologies differences seen in the earlier tests. Table VIII indicates significant differences among sustaining and disruptive technologies firms that depend on external sources of innovation in the revenue generation and market factors. Disruptive technologies firms seem to be less focused on the revenue generation or potential markets in disruptive technologies and are probably more interested in the technology itself so that they can create their own markets. Similarly differences exist between sustaining technologies firms with internal sources of innovation and disruptive technologies firms with external sources of innovation. The same logic applies here as in the earlier case.
Table IX looks at the differences among four groups defined by sustaining or disruptive technologies and poor or good financial and market performance in the last three years. The four groups are: 1) firms that have poor financial performance and that are interested in sustaining technologies; 2) firms that have good financial performance and are interested in sustaining technologies; 3) firms that have poor financial performance and that are interested in disruptive technologies; and 4) firms that have good financial performance and are interested in disrup- tive technologies. Significant differences exist in three of the four factors. The factors indicating product realization, revenue generation, and potential markets show significant differences among the four groups.
Table X shows significant differences between sustaining technologies firms and disruptive technologies firms that have poor financial performance. The differences are in the potential market and revenue generation factors indicating that disruptive firms do not seem to attach importance to these areas in their decision to pursue these technologies. The same differences are also apparent between sustaining technologies firms with good financial performance and disruptive technologies firms with poor financial performance. These firms also show a significant difference in the product realization area. Another difference exists between disruptive technologies firms with good and poor financial performance records in the revenue generation area with good performing companies putting more importance on the revenue factor.
A. Conclusions and Implications for Management
Our study suggests that firms that pursue the commercialization of disruptive technologies place different importance on the product realization and on research support for the technologies than sustaining technologies firms that seem to be focused on revenue generation and market potential. The size of the firms did not seem to make much difference but this may be a problem with the firms in our sample other factors such as financial performance in the last three years seem to be a factor. Classification of firms by more than one characteristic (type of technology plus size, source of innovation, and financial performance) helped clarify some of these conclusions. The major conclusion of this paper are that: 1) Firms do utilize differing techniques to pursue disruptive technologies. 2) Firms that pursue disruptive technologies have a difficulty taking a market focused approach and must be much more creative in their approach to the market irrespective of the source of innovation, size or financial performance. 3) Sustaining technologies firms focus on existing markets and their ability to introduce new products that is traditionally their strong suit.
Firms working with sustaining technologies focused on revenue generation and their cash flow potential whereas firms working with disruptive technologies seem to understand the need to develop the supporting infrastructure to realize new products. It seems that firms dealing with disruptive technology knew that they have a longer road to profitability but that it might be worth it from a risk/reward relationship. Small and large firms reacted the same way to all issues indicating that learning has occurred in large firms requiring them to act and behave as small firms when it comes to working with technology. This might also be the Sandia effect in the sense that firms that work with Sandia anticipate major breakthroughs that will require a longer (but more profitable) path to commercialization in sustaining and disruptive technologies. The source of the innovation did not have an effect on behavior of firms but past financial performance seems to propel the groups that have done well to try to keep their advantage by working hard at getting new products to market, whereas low profitability seems to indicate that it is a result of and a cause for the inability to get things done.
Differences were obvious between firms engaged in commercialization of disruptive technologies irrespective of their size and large firms focused on sustaining technologies. These differences indicate that firms interested in sustaining technologies wanted more buyers and revenue generation and depended less on government buyers and research support. Firms working on sustaining technologies wanted more distribution channels and market growth. Firms trying to commercialize disruptive technologies using external innovations were less interested in buyers and market growth. The bottom line seems to indicate that firms commercializing disruptive technologies know that markets are somewhat farther than existing products improved with sustaining technologies, but firms were willing to use external support from external research sources to further build their capabilities in disruptive technologies hoping for a major shift to their products in the near future, bringing with it new markets and new customers.
